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$QDQRLRQLFVEDVHGWKUHHWHUPLQDOV\QDSWLFGHYLFH
XVLQJ=LQF2[LGH
3UHPODO%DODNULVKQD3LOODL0DULD0HUO\QH'H6RX]D
'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG1RUWKFDPSXV6
+46KHIILHOG8.
SSLOODL#VKHIILHOGDFXNPGHVRX]D#VKHIILHOGDFXN
.(<:25'6=LQF2[LGHV\QDSWLFWKLQILOPWUDQVLVWRUV7DQWDOXPR[LGH2[\JHQYDFDQFLHV
0HPRU\7)7V
$%675$&7 $UWLILFLDO V\QDSWLF 7KLQ )LOP 7UDQVLVWRUV 7)7V FDSDEOH RI VLPXOWDQHRXVO\
PDQLIHVWLQJVLJQDOWUDQVPLVVLRQDQGVHOIOHDUQLQJDUHGHPRQVWUDWHGXVLQJWUDQVSDUHQW]LQFR[LGH
=Q2 LQ FRPELQDWLRQ ZLWK KLJK ߢ WDQWDOXP R[LGH DV JDWH LQVXODWRU 7KH GHYLFHV H[KLELW
SURQRXQFHGPHPRU\UHWHQWLRQZLWKDPHPRU\ZLQGRZLQH[FHVVRI9UHDOL]HGXVLQJDQRSHUDWLQJ
YROWDJHOHVVWKDQ9*DWHSRODULW\LQGXFHGPRWLRQRIR[\JHQYDFDQFLHVLQWKHJDWHLQVXODWRULV
SURSRVHGWRSOD\DYLWDOUROHLQHPXODWLQJV\QDSWLFEHKDYLRUGLUHFWO\PHDVXUHGDVWKHWUDQVPLVVLRQ
RIDVLJQDOEHWZHHQWKHVRXUFHDQGGUDLQ6'WHUPLQDOVEXWZLWKWKHDGGHGEHQHILWRILQGHSHQGHQW
FRQWURO RI V\QDSWLF ZHLJKW 8QOLNH LQ WZR WHUPLQDO PHPULVWRUUHVLVWLYH VZLWFKLQJ GHYLFHV
PXOWLVWDWHPHPRU\OHYHOVDUHGHPRQVWUDWHGXVLQJWKHJDWHWHUPLQDOZLWKRXWKDPSHULQJWKHVLJQDO
WUDQVPLVVLRQDFURVVWKH6'HOHFWURGHV6\QDSWLFIXQFWLRQVLQWKHGHYLFHVFDQEHHPXODWHGXVLQJD
 
ORZSURJUDPPLQJYROWDJHRIP9DQRUGHURIPDJQLWXGHVPDOOHUWKDQLQFRQYHQWLRQDOUHVLVWLYH
UDQGRP DFFHVV PHPRU\ DQG RWKHU ILHOG HIIHFW WUDQVLVWRU EDVHG V\QDSWLF WHFKQRORJLHV 5REXVW
V\QDSWLFSURSHUWLHVGHPRQVWUDWHGXVLQJIXOO\WUDQVSDUHQWHFRIULHQGO\LQRUJDQLFPDWHULDOVFKRVHQ
KHUHVKRZJUHDWHUSURPLVHLQUHDOLVLQJVFDODEOHV\QDSWLFGHYLFHVFRPSDUHGWRRUJDQLFV\QDSWLFDQG
RWKHUOLTXLGHOHFWURO\WHJDWHGGHYLFHWHFKQRORJLHV0RVWLPSRUWDQWO\WKHVWURQJFRXSOLQJEHWZHHQ
WKHLQSODQHJDWHDQGVHPLFRQGXFWRUFKDQQHOWKURXJKLRQLFFKDUJHLQWKHJDWHLQVXODWRUVKRZQE\
WKHVHGHYLFHV FDQ OHDG WR DQ DUWLILFLDO QHXUDO QHWZRUNZLWKPXOWLSOHSUHV\QDSWLF WHUPLQDOV IRU
FRPSOH[ V\QDSWLF OHDUQLQJ SURFHVVHV 7KLV SURYLGHV RSSRUWXQLWLHV WR DOOHYLDWH WKH H[WUHPH
UHTXLUHPHQWVRIFRPSRQHQWDQGLQWHUFRQQHFWGHQVLW\LQUHDOL]LQJEUDLQOLNHV\VWHPV
 ,1752'8&7,21
7KHUDSLGGHYHORSPHQWLQPLPLFNLQJPHPRU\RUOHDUQLQJEHKDYLRXURIELRORJLFDOV\VWHPV
LQQDQRVFDOHLRQLFHOHFWURQLFGHYLFHVKDVVSXUUHGDJUHDWGHDORILQWHUHVWLQWKHVFLHQWLILFFRPPXQLW\
LQUHDOLVLQJQHXURPRUSKLFV\VWHPV'HVSLWHWKHVHZRUOGZLGHHIIRUWVQHXURPRUSKLFV\VWHPVZLWK
VLPLODUOHYHOVRIUREXVWQHVVLQWHUPVRIHQHUJ\HIILFLHQF\VHOIOHDUQLQJDQGVFDODELOLW\LQHPXODWLQJ
FRPSOH[ELRORJLFDO DFWLYLWLHV DUH \HW WREH UHDOLVHG$W D FHOOXODU OHYHO WKHQHUYRXV V\VWHP LV
FRPSRVHGRIQHXURQV WKDW DUH LQWHUFRQQHFWHGE\ V\QDSVHV$ V\QDSVH LV D VSHFLDOL]HG MXQFWLRQ
EHWZHHQWZRQHUYHFHOOVYLDZKLFKWKHVLJQDOIURPRQHQHXURQLVWUDQVPLWWHGWRDQRWKHU7KHPRVW
VLJQLILFDQWSURSHUW\RIDV\QDSVHLVLWVSODVWLFLW\ZKLFKLVWKHDELOLW\WRVWUHQJWKHQRUZHDNHQRYHU
WLPHZLWKUHVSHFWWRDFWLYLW\NQRZQDVV\QDSWLFSRWHQWLDWLRQDQGGHSUHVVLRQUHVSHFWLYHO\6SLNH
7LPLQJ'HSHQGHQW 3ODVWLFLW\ 67'3 PHDVXUHG DV WKH JURZWKGHFD\ RI WKH H[FLWDWRU\ SRVW
V\QDSWLF UHVSRQVH EDVHG RQ WKH UHODWLYH WLPLQJ EHWZHHQ SUH DQG SRVW VSLNHV DQG VKRUWWHUP
 
PHPRU\670WRORQJWHUPPHPRU\/70WUDQVLWLRQVDUHFRQVLGHUHGDVWKHWZRSUHGRPLQDQW
V\QDSWLFOHDUQLQJUXOHV
7KHHPXODWLRQRIDQHQHUJ\HIILFLHQWQHXUDOEHKDYLRXUDWDVLQJOHGHYLFHOHYHOLVDFKDOOHQJH
WKDWPD\ZHOOEHFRQVLGHUHGGDXQWLQJ,QWKHTXHVWIRUUHDOLVLQJV\QDSWLFIXQFWLRQVVRIWZDUHEDVHG
QHXURPRUSKLFDSSURDFKHVZHUHILUVWGHYHORSHGWRFUHDWHDPDWKHPDWLFDOPRGHO+RZHYHUWKH
HQHUJ\HIILFLHQF\RIWKHVHDSSURDFKHVLVOLPLWHGGXHWRWKHFRQVLGHUDEO\KLJKHUSRZHUFRQVXPSWLRQ
RIFRPSXWLQJV\VWHPVLQHPXODWLQJWKHFRPSOH[LW\RIDELRORJLFDOEUDLQZLWKaV\QDSVHV7KH
V\VWHP DQG HQHUJ\ LQHIILFLHQF\ RI WKH WUDGLWLRQDO DUFKLWHFWXUHV DUH PDLQO\ URRWHG LQ WKHLU FRUH
FRQFHSWNQRZQDVWKHYRQ1HXPDQQDUFKLWHFWXUHZKHUHSK\VLFDOO\VHSDUDWHGPHPRU\SURFHVVLQJ
DQG ORJLF XQLWV DUH LQWHUFRQQHFWHG E\ EXV SDWKV 7KLV DUFKLWHFWXUH UHVXOWV LQ D ERWWOHQHFN WKDW
UHTXLUHVFRQWLQXRXVVWRUDJHDQGUHWULHYDORILQIRUPDWLRQIURPGLIIHUHQWSDUWVRIWKHV\VWHPPDNLQJ
LWRQHRIWKHOHDVWHQHUJ\HIILFLHQWDSSURDFKHV+DUGZDUHEDVHGDSSURDFKHVXVLQJ6LOLFRQQHXURQV
6L1VDUHIRXQGWREHPRUHHQHUJ\HIILFLHQWWKDQVRIWZDUHEDVHGDSSURFKHVDQGRIIHUDUHDOWLPH
ODUJHVFDOHHPXODWLRQRIQHXURV\QDSWLFEHKDYLRXU5HFHQWGHYHORSPHQWLQK\EULGFRPSOHPHQWDU\
PHWDO R[LGH VHPLFRQGXFWRUV &026 WZR WHUPLQDO PHPULVWRU EDVHG QHXURPRUSKLF V\VWHPV
XWLOLVHD&026VXEV\VWHPWRDGGUHVVHDFKPHPULVWRURQWKHFURVVEDU7KLVDUFKLWHFWXUHSUHVHQWV
RSSRUWXQLWLHVWRFRQQHFW&026LPSOHPHQWHGVSLNLQJQHXURQVZLWKPHPULVWRUVWKDWIXQFWLRQOLNH
D ELRORJLFDO V\QDSVH ZKHUH PHWDO LQWHUFRQQHFWV SOD\ WKH UROH RI D[RQV DQG GHQGULWHV±
+RZHYHUWKHPDMRUFKDOOHQJHLQUHDOLVLQJODUJHVFDOHQHXURPRUSKLFV\VWHPVXVLQJWKLVDSSURDFK
LVWKHUHTXLUHPHQWRIDGGLWLRQDOGULYLQJSXOVHVKDSLQJFLUFXLWU\WRLPSOHPHQW67'3EHKDYLRXULQ
PHPULVWRUV0RUHRYHUWKHSULPLWLYHFLUFXLWWKDWFDSWXUHVWKHRSHUDWLRQRIDELRORJLFDOQHXURQLQ
&026 HPSOR\V D FDSDFLWRU WKDW UHSUHVHQWV WKH QHXURQ¶V PHPEUDQH FDSDFLWDQFH &PHP  ,W
UHTXLUHV LQWHJUDWLRQ RI WKH LQSXW FXUUHQW DQG ZKHQ WKH FDSDFLWRU SRWHQWLDO FURVVHV WKH VSLNLQJ
 
WKUHVKROG D SXOVH 9RXW LV JHQHUDWHG WKDW UHVHWV WKH PHPEUDQH SRWHQWLDO 9PHP $ VLPSOLVWLF
LPSOHPHQWDWLRQRIDQLQWHJUDWHDQGILUH,	)QHXURQXVLQJ6L1UHTXLUHVDWOHDVWFRPSRQHQWV
&026 WUDQVLVWRUV DQG FDSDFLWRUV SUHVHQWLQJ D VLJQLILFDQW FKDOOHQJH IRU &026 EDVHG
DSSURDFKHV WRDFKLHYHEUDLQ OLNHV\VWHPVZLWKQHXURQVDQG LQWHUFRQQHFW V\QDSVHGHQVLW\
EHWZHHQaWKDWLVJUHDWHUWKDQDQ\RWKHUPDQPDGHV\VWHP
1HXURPRUSKLFV\VWHPVUHTXLUHGHYLFHVWKDWUHVSRQGLQUHODWLRQWRWKHLUSDVWKLVWRU\7KLV
LPSOLHVWKDWWKHVHGHYLFHVVKRXOGKDYHDPXOWLVWDWHEHKDYLRXUWKDWUHVSRQGVDWGLIIHUHQWOHYHOVWR
WKHVDPHUHSHWLWLYHLQSXWVWLPXOLGHSHQGLQJRQKLVWRU\1RQYRODWLOLW\LVDQRWKHUSLYRWDOSURSHUW\
UHTXLULQJ D FDSDELOLW\ RI VWRULQJ WKH PHPRU\FRQGXFWDQFH VWDWH ZLWKRXW DQ\ UHIUHVK RU HQHUJ\
GLVVLSDWLRQ1HHGOHVVWRVD\ WKDW WKH\VKRXOGKDYHORZHQHUJ\GLVVLSDWLRQDQGPDWHULDOVFKRVHQ
VKRXOGEHFRPSDWLEOHZLWKPDLQVWUHDPWHFKQRORJ\7RUHDOLVHSK\VLFDOGHYLFHVZLWKDV\QDSWLF
IXQFWLRQ ZLWK ORZ HQHUJ\ FRQVXPSWLRQ DQG VPDOO IRRW SULQW WZRWHUPLQDO EDVHG UHVLVWLYH
VZLWFKHV SKDVH FKDQJH PHPRULHV FRQGXFWLYH EULGJH GHYLFHV IHUURHOHFWULF WKLQ
ILOPV DQG WKUHHWHUPLQDO ILHOGHIIHFW WUDQVLVWRUV±  KDYH EHHQ  SURSRVHG 7ZR WHUPLQDO
V\QDSWLFGHYLFHVIXQFWLRQLQJDVFRQQHFWLQJHOHPHQWVEHWZHHQWKHSUHDQGSRVWQHXURQVKDYHWKH
OLPLWDWLRQWKDWVLJQDO WUDQVPLVVLRQDQGOHDUQLQJIXQFWLRQVFDQQRWEHFDUULHGRXWVLPXOWDQHRXVO\
7KHOHDUQLQJIXQFWLRQLQWZRWHUPLQDOGHYLFHVDUHFDUULHGRXWE\IHHGLQJWKHVLJQDOIURPWKHSRVW
QHXURQWRWKHV\QDSWLFGHYLFHWHUPLQDOWRPRGXODWHWKHV\QDSWLFZHLJKWZKLOHV\QDSWLFWUDQVPLVVLRQ
LV LQKLELWHG0RUHRYHU V\QDSWLFZHLJKWPRGXODWLRQ LVPDLQO\E\ HQJLQHHULQJ WKHSXOVH
ZLGWKDQGKHLJKWE\RYHUODSSLQJSXOVHVUDWKHUWKDQIUHTXHQF\DQGUHODWLYHWLPLQJRIWKHVSLNHV
WKDW LV XWLOLVHG LQ ELRORJLFDO V\VWHPV +RZHYHU WKUHH WHUPLQDO V\QDSWLF GHYLFHV VLPLODU WR
ELRORJLFDOQHXUDOV\VWHPVDUHDEOHWRUHDOLVHERWKVLJQDOWUDQVPLVVLRQDQGOHDUQLQJIXQFWLRQVZKHUH
VLJQDO WUDQVPLVVLRQ LV FDUULHG YLD WKH FKDQQHO PHGLXP DQG V\QDSWLF ZHLJKWV DUH PRGXODWHG
 
LQGHSHQGHQWO\YLDWKHJDWHWHUPLQDOV7KHH[FLWDWRU\SRVWV\QDSWLFFRQGXFWDQFH(36&LV
PHDVXUHGDVWKHWLPHGHSHQGHQWFKDQQHOFRQGXFWDQFHDIWHUWKHDSSOLFDWLRQRIDYROWDJHSXOVHRQ
WKHJDWHHOHFWURGH,IWKH(36&VLJQDOODVWVIURPDIHZVHFRQGVWRWHQVRIPLQXWHVLWLVFRQVLGHUHG
DVWKHDQDORJXHRID6KRUW7HUP0HPRU\670LQSV\FKRORJ\ZKHUHDVDQ(36&VLJQDOODVWLQJ
IURPDIHZKRXUVWRDOLIHWLPHLVFRQVLGHUHGDVD/RQJ7HUP0HPRU\/70WUDQVLWLRQ5HFHQW
GHPRQVWUDWLRQ RI V\QDSWLF SURSHUWLHV XVLQJ VROXWLRQ SURFHVVHG 2UJDQLF FRUHVKHDWK QDQRZLUH
V\QDSWLF WUDQVLVWRUV UHYHDOHG HQHUJ\ FRQVXPSWLRQ IRU D VLQJOH VSLNH RSHUDWLRQ RI  I-
+RZHYHU VKRUW OLIH WLPH DQG SRRU UHOLDELOLW\ DQG PRELOLW\ RI RUJDQLF PDWHULDOV DQG OLTXLG
HOHFWURO\WHVDUHDPDMRUFRQFHUQ IRUUHDOLVLQJKLJKSHUIRUPDQFHHOHFWURQLFGHYLFHV7UDQVSDUHQW
FRQGXFWLQJR[LGH7&2EDVHGV\QDSWLFGHYLFHVKROGJUHDWSURPLVHLQUHDOLVLQJHQHUJ\HIILFLHQW
V\QDSWLF RSHUDWLRQ DQG VSLNH WLPLQJ GHSHQGHQW SODVWLFLW\ DQG VKRUWWHUP WR ORQJWHUP PHPRU\
WUDQVLWLRQV KDYH EHHQ GHPRQVWUDWHG XVLQJ ,QGLXP =LQF 2[LGH WKLQ ILOP WUDQVLVWRUV ZLWK
QDQRJUDQXODU6LOLFRQGLR[LGHEDVHGSURWRQFRQGXFWRUILOPVDVLQVXODWRUV±7KHPDLQGUDZEDFN
RIVXFKV\QDSWLFGHYLFHVDUHWKHUHTXLUHPHQWVRIKXPLGLW\WRIXQFWLRQDVDV\QDSWLF)(7ZKHUH
WKHSURWRQFRQGXFWLYLW\LQWKHSKRVSKRUXVGRSHGQDQRJUDQXODU6L2ILOPVLVIDFLOLWDWHGE\DEVRUEHG
ZDWHUPROHFXOHVLQWKHQDQRSRURXVILOP6KRUWWHUPV\QDSWLFSODVWLFLW\LVGHPRQVWUDWHGZLWK
DTXHRXVJDWHG,QGLXP*DOOLXP=LQFR[LGH,*=2V\QDSWLFGHYLFHVXVLQJZDWHUDQGVDOWDVJDWH
HOHFWURO\WH+RZHYHUGLVVROXWLRQRI WKH,*=2ILOPVLQZDWHUDQGLUUHYHUVLEOHHOHFWURFKHPLFDO
UHDFWLRQVDWLQWHUIDFHDUHDPDMRUFRQFHUQLQWKHVHW\SHVRIGHYLFHV7&2GHYLFHVHPSOR\LQJD
IHUURHOHFWULF  JDWH LQVXODWRU  KDYH DOVR EHHQ UHSRUWHG WR VKRZ (36& EHKDYLRXU 7KH
SURJUHVVLYHO\KLJKHUSURJUDPPLQJYROWDJHUHTXLUHGWRIXOO\UHYHUVHWKHIHUURHOHFWULFSRODULVDWLRQ
LQ WKHVH W\SHV RI GHYLFHV SRVHV D VLJQLILFDQW FKDOOHQJH LQ UHDOLVLQJ V\QDSWLF GHYLFHV ZLWK ORZ
RSHUDWLRQ YROWDJH   7KH SHUIRUPDQFH RI WKH V\QDSWLF GHYLFHV SUHVHQWHG LQ WKLV VWXG\ DUH QRW
 
GHSHQGHQWRQHQYLURQPHQWDOIDFWRUVDQGGHYHORSLQJVXFKV\QDSWLFWUDQVLVWRUVZLWKELRFRPSDWLEOH
PDWHULDOV VXFK DV =Q2 RIIHUV QHZ SRVVLELOLWLHV IRU UHDOLVLQJ HQHUJ\ HIILFLHQW FRPSDFW V\QDSWLF
PHPRU\GHYLFHVWKDWIHDWXUHORZHUSURFHVVLQJWLPHDQGFRVW
 (;3(5,0(17$/0(7+2'6
%RWWRPJDWHG7)7VZHUHIDEULFDWHGRQJODVVXVLQJFRQGXFWLQJ,QGLXP7LQ2[LGH,72
:VTXDUH DV WKH JDWH 7DQWDOXP 2[LGH 7D2 DV JDWH LQVXODWRU ZLWK GLIIHUHQW WKLFNQHVVHV
DQGQPDQGQP=LQFR[LGHLQDOOFDVHVDVFKDQQHOYLD5DGLR)UHTXHQF\
VSXWWHULQJIURP´VROLGFHUDPLFWDUJHWV0LOGDFLGHWFKLQJZDVXVHGWRGHILQHWKH=Q2
PHVD UHJLRQV SURWHFWHG XQGHUQHDWK WKH SKRWR UHVLVW  7KH GHYLFHV ZHUH VXEMHFWHG WR WKHUPDO
DQQHDOLQJDW&IRUKUV3DWWHUQLQJRIWKHVRXUFHGUDLQUHJLRQVDQGGHSRVLWLRQRI$OXPLQLXP
PHWDO 6' FRQWDFWV ZHUH DFKLHYHG XVLQJ VWDQGDUG SKRWROLWKRJUDSKLF SDWWHUQLQJ WKHUPDO
HYDSRUDWLRQDQGILQDOO\OLIWRIILQRUJDQLFVROYHQWV7KHFDSDFLWDQFHFKDUDFWHULVWLFVZHUHPHDVXUHG
XVLQJ DQ $JLOHQW ($ /&5PHWHU 7KH HOHFWULFDO FKDUDFWHULVWLFV RI WKH =Q27)7V ZHUH
PHDVXUHGXVLQJD.HLWKOH\6&6LQWHUIDFHGZLWKD'HVHUW&U\RJHQLFSUREHVWDWLRQ
 5(68/76$1'',6&866,21
7KHGHSHQGHQFHRIWKHZLGWKRIWKHPHPRU\ZLQGRZZLWKUHVSHFWWRWKHUDQJHRIWKHSRVLWLYH
JDWHYROWDJHLVVKRZQLQ)LJVD	E7KHGHYLFHVGLVSOD\DFOHDUDQWLFORFNZLVHK\VWHUHVLVZLGHO\
UHFRJQL]HGLQJDWHLQVXODWRUVZLWKPRELOH LRQLFFKDUJHV$KLJKRQRIIUDWLRRIDQG
VXEWKUHVKROGVZLQJaP9GHFDQGDORZJDWHOHDNDJHFXUUHQWQ$DUHPHDVXUHG$QRWLFHDEOH
YDULDWLRQRIWKHPHPRU\ZLQGRZZLWKDSRVLWLYHJDWHELDVUDQJHLVREVHUYHGLQWKHFDVHRIQP
R[LGHDVFRPSDUHGWRDQPR[LGHGHYLFHGXHWRWKHKLJKHUDPRXQWRIPRELOHFKDUJHV
 

 
)LJXUH  'XDO VZHHS WUDQVIHU FKDUDFWHULVWLFV RI =Q2 7)7V ZLWK GLIIHUHQW 7DQWDOXP R[LGH
WKLFNQHVVHVD	FQPE	GQP,QILJVD	EWKHORZHUOLPLWRIWKH9*6VZHHSUDQJH
LVNHSWDWDFRQVWDQWYDOXHRU9DQGWKHXSSHUOLPLWLVJUDGXDOO\LQFUHDVHGIURPWR9LQ
FRQVHFXWLYHGXDOVZHHS,9PHDVXUHPHQWV,QILJVF	GWKHORZHUOLPLWRIWKH9*6VZHHSUDQJH
LVJUDGXDOO\LQFUHDVHGIURPWR9ILJFDQGWR9ILJGZKLOHNHHSLQJWKHXSSHUOLPLW
IL[HGDW9$K\VWHUHVLVGHSHQGHQWXSRQWKHPD[LPXPDSSOLHG9*6LVREVHUYHGLQD	EZKLOH
QHJOLJLEOHHIIHFWLVREVHUYHGLQILJVF	GH$VFKHPDWLFRIWKHMXQFWLRQVWUXFWXUHFRUUHVSRQGLQJ
WRWKHIRUZDUGVZHHSZKHQ9*6a9VFHQDULRWKHDSSOLHGHOHFWULFILHOGGULYHVWKHGRXEO\
LRQLVHGR[\JHQYDFDQFLHVDQGR[\JHQLRQVLQRSSRVLWHGLUHFWLRQV)LJIVKRZVWKHVHSDUDWLRQRI
WKHYDFDQF\LRQLFFRPSRQHQWVDW9*6 9IRUZDUGVZHHSUHVXOWLQJLQDQLQWHUQDOILHOGRSSRVLWH
WRWKHGRPLQDQWH[WHUQDODSSOLHGUHGDUURZ7KHSRVLWLYHR[\JHQYDFDQFLHVDWWKHFKDQQHOR[LGH
LQWHUIDFHUHVXOWLQDKLJKHUHOHFWURQFRQFHQWUDWLRQLQWKH=Q2FKDQQHOVFHQDULR)LJJUHYHDOV
WKHVWUXFWXUHFRUUHVSRQGLQJWRWKHUHYHUVHVZHHSZLWK9*6a9$VWKHJDWHYROWDJHUHGXFHVIURP
9 WR VPDOOHU SRVLWLYH YDOXHV WKH LQWHUQDO HOHFWULF ILHOG VKRZQ E\ D WKLFN DUURZ LQ WKH JDWH
LQVXODWRUGRPLQDWHV DQG PDLQWDLQV DKLJK HOHFWURQ FRQFHQWUDWLRQ LQ WKHFKDQQHO IRU FRQGXFWLRQ
VFHQDULR+RZHYHUD IXUWKHUUHGXFWLRQRI WKHJDWHYROWDJHUHVXOWV LQDUHFRPELQDWLRQRIWKH
R[\JHQLRQVDQGLRQLVHGYDFDQFLHVVFHQDULRDVVKRZQLQK$WWKHORZHUOLPLWRIWKHUHYHUVH
VFDQ 9 DQR[\JHQYDFDQF\ ULFK UHJLRQ LV UHVWRUHGQHDU WKHERWWRPJDWH L UHSUHVHQWHGE\
VFHQDULR)LJMUHSUHVHQWVWKHEDQGDOLJQPHQWFRUUHVSRQGLQJWRILJI9*6a97KHGLDJUDP
VKRZV D EDQG RIIVHW RI a H9 IRU HOHFWURQV DW WKH =Q27D2 LQWHUIDFH DQG LRQLVHG R[\JHQ
YDFDQF\VWDWHVLQWKH7D2EDQGJDSN6FKHPDWLFEDQGGLDJUDPFRUUHVSRQGLQJWRILJLZKHQWKH
)HUPLOHYHOLQ=Q2LVSXVKHGGHHSHULQWRWKHEDQGJDSRIIVWDWHFRQGLWLRQ
 
LQWKHIRUPHU$PHPRU\ZLQGRZDVZLGHDV9LVUHDOLVHGZLWKLQDVZHHSUDQJHRIWR9$
QHJOLJLEOHGHSHQGHQFHRIWKHPHPRU\ZLQGRZLQWKHQHJDWLYHJDWHELDVUDQJHLVREVHUYHGZKHQ
YDULHGIURP9WR9LQWKHFDVHRIWKHQPR[LGHILJFDQG9WR9IRUWKHQP
R[LGH ILJG7KH DQRPDORXV VZHHS UDQJHGHSHQGHQWPHPRU\ZLQGRZREVHUYHGKHUH FDQ EH
XQGHUVWRRGEDVHGRQWKHHOHFWULFILHOGLQGXFHGLRQLFVHSDUDWLRQLQWKHJDWHR[LGH+HUHILYHGLIIHUHQW
VFHQDULRVDUHFRQVLGHUHG
6FHQDULR  )LJ H VKRZV WKH VFKHPDWLF MXQFWLRQ VWUXFWXUH FRUUHVSRQGLQJ WR LQLWLDO FKDUJH
VHSDUDWLRQLQWKHGLHOHFWULFPHGLXPE\WKHDSSOLHGSRVLWLYHJDWHELDV9*6a97KHSRVLWLYH
JDWHELDVRQWKHERWWRPJDWHHOHFWURGHDWWUDFWVWKHR[\JHQLRQVQHJDWLYHWRZDUGVWKHJDWHJDWH
LQVXODWRU LQWHUIDFHDQG UHSHOV WKH LRQLVHGR[\JHQYDFDQFLHV SRVLWLYH WRZDUGV WKHFKDQQHOJDWH
LQVXODWRULQWHUIDFHUHVXOWLQJLQDQR[\JHQYDFDQF\ULFKRUSRRUUHJLRQWRZDUGVWKHFKDQQHOLQWHUIDFH
RUJDWHLQWHUIDFHUHVSHFWLYHO\
6FHQDULR7KHPDJQLWXGHRIWKHLQWHUQDOILHOGLQFUHDVHVZLWKLQFUHDVHLQXSSHUOLPLWRIWKH9*6
VZHHS 7KH DFFXPXODWHG SRVLWLYH FKDUJH DW WKH FKDQQHOLQVXODWRU LQWHUIDFH UHVXOWV LQ D VLPLODU
LPDJHFKDUJHZLWKRSSRVLWHSRODULW\HOHFWURQVLQWKHFKDQQHOOD\HUWKDWGULIWLQWKHGLUHFWLRQIURP
VRXUFHWRGUDLQE\WKHDSSOLHGGUDLQILHOGILJI
6FHQDULR$VWKHJDWHYROWDJHLVUHGXFHGIURPLWVXSSHUOLPLW9WKHLQWHUQDOILHOGEHFRPHV
JUDGXDOO\GRPLQDQWDQGPDLQWDLQVWKHHOHFWURQFRQFHQWUDWLRQLQWKH=Q2FKDQQHOHYHQDW9*6a9
ILJJ7KLVUHVXOWVLQWKHFRXQWHUFORFNZLVHK\VWHUHVLVDVUHYHDOHGLQWKH,9FKDUDFWHULVWLFVILJ
DG,WLVZRUWKZKLOHWRQRWHWKDWUHYHUVHVZHHSFRQGXFWDQFHOHYHOLQFUHDVHVZLWKDQLQFUHDVHLQ
WKH9*6OLPLWILJE9*6OLPLWYDU\LQJIURPWR9
 
6FHQDULR$VWKHJDWHYROWDJHLVUHGXFHGWRDIXUWKHUQHJDWLYHYDOXHLQWKHUHYHUVHGLUHFWLRQLW
UHVXOWV LQ D UHFRPELQDWLRQ RI LRQLVHG R[\JHQ YDFDQFLHV DQG QHJDWLYHO\ FKDUJHG R[\JHQ LRQV
FDXVLQJWKHLQWHUQDOILHOGWRYDQLVKILJK
6FHQDULR:KHQWKHUHYHUVHJDWHYROWDJHVFDQDWWDLQVDKLJKHUQHJDWLYHYDOXHDQR[\JHQYDFDQF\
ULFKUHJLRQLVIRUPHGQHDUWKHJDWHHOHFWURGHLQWHUIDFHILJL,WLVUHYHDOHGKHUHWKDWWKHDQRPDORXV
FRXQWHUFORFNZLVHK\VWHUHVLVDULVHVIURPWKHSRVLWLYHJDWHVZHHSDQGDSSOLFDWLRQRIDQHJDWLYHJDWH
ELDVUHVWRUHVWKHFKDUJHVHSDUDWLRQWRLWVLQLWLDOVWDWH7KLVLVHYLGHQWIURPWKHQHJOLJLEOHGHSHQGHQFH
RIWKHORZHUOLPLWRIWKHJDWHVZHHSUDQJHRQWKHREVHUYHGK\VWHUHVLV
)LJMVKRZVWKHVFKHPDWLFEDQGGLDJUDPRIWKH=Q27D2LQWHUIDFHZKHUHDILQLWHEDQGRIIVHWRI
aH9IRUHOHFWURQVLQ=Q2SUHYHQWVWKHGLUHFWOHDNDJHRIHOHFWURQVLQWRWKH7D2OD\HU7KH
LRQLVHGR[\JHQYDFDQF\VWDWHVDUHDOVRKLJKOLJKWHGLQWKHEDQGJDSRI7D2XVLQJWKHSUHYLRXVO\
UHSRUWHGDFWLYDWLRQHQHUJ\IRUR[\JHQYDFDQF\GLIIXVLRQLQ7D2RIH9)LJNVKRZVWKH
VFKHPDWLFEDQGDOLJQPHQWFRUUHVSRQGLQJWR9*6a9ZKHUHWKH=Q2IHUPLOHYHOLVGHHSLQWKH
EDQGJDS UHVXOWLQJ LQQRVLJQLILFDQWFRQGXFWLRQ LQ WKHFKDQQHO RIIVWDWH$FRPSDULVRQRI WKH
SHUIRUPDQFHRIWKHPHPRU\RIWKH7)7VIURPWKLVVWXG\ZLWKRWKHUUHSRUWHG=Q2EDVHG7)7VLV
VKRZQLQ7DEOH7KHGLHOHFWULFFRQVWDQWVRIWKHJDWHLQVXODWRUVLQWKHVHGHYLFHVDUHDOVRVXUPLVHG
,QWKHFDVHRIIHUURHOHFWULF7)7VGHPRQVWUDWHGXVLQJ3RO\YLQ\OLGHQHIOXRULGHWULIOXRURHWK\OHQH
39')7U)( DQG RWKHU IHUURHOHFWULF JDWH LQVXODWRUV   D VXIILFLHQWO\ KLJK SURJUDPPLQJ
YROWDJHZDVUHTXLUHGWRIXOO\UHYHUVHWKHIHUURHOHFWULFSRODULVDWLRQ,WLVHYLGHQWWKDWWKHPHPRU\
)(7VGHPRQVWUDWHGKHUHFDQHIILFLHQWO\SURJUDPWKHRQDQGRIIVWDWHFRQGLWLRQVZLWKLQDORZHU
YROWDJHUDQJHRI9LQFRPSDULVRQWRRWKHU)(7V7KLVLVDWWULEXWDEOHWRWKHHQKDQFHGLQWHUIDFH
FDSDFLWDQFHEHWZHHQWKHJDWHGLHOHFWULFDQGFKDQQHOUHDOLVHGE\WKHPRELOHLRQVLQWKH7D2VROLG
HOHFWURO\WHUHVXOWLQJLQDQHIILFLHQWFRXSOLQJEHWZHHQWKHFKDQQHODQGJDWHHOHFWURGHV
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7DEOH6XPPDU\RIWKHPHPRU\SHUIRUPDQFHRI=LQF2[LGHEDVHGWKLQILOPWUDQVLVWRUV SRO\
YLQ\OLGHQH IOXRULGH WULIOXRURHWKOHQH ,QGLXP *DOOLXP =LQF 2[LGH	 %DULXP 7LWDQDWH  6LOLFRQ
2[LGH/HDG]LUFRQLXPWLWDQDWH
7KHWUDQVIHUFKDUDFWHULVWLFVRIDGHYLFHHPSOR\LQJDVLGHRULQSODQHJDWHLQFRPSDULVRQWR
WKDWZLWKDERWWRPJDWHDUHVKRZQLQ)LJDZKHUHWKHYROWDJHDSSOLHGRQ WKH LQSODQHJDWH LV
FRXSOHG WR WKH FKDQQHO OD\HU WKURXJK WKHFRQGXFWLQJ ,QGLXP7LQ2[LGH DQG7D2 OD\HUV7KH
FRUUHVSRQGLQJFDSDFLWDQFHJDWHYROWDJHFKDUDFWHULVWLFVXVLQJERWWRPDQGVLGHJDWHVDUHVKRZQLQ
 

)LJXUHD'XDOVZHHS,9GDWDRI=Q27)7VXVLQJDERWWRPJDWHEROGOLQHVDQGVLGHJDWH
GRWWHG OLQHV IRU D  QP JDWH R[LGH 7)7 7KH IRUZDUG DQG EDFNZDUG VZHHS GLUHFWLRQV DUH
LQGLFDWHGE\DUURZKHDGVRQWKHFXUYHVE6FKHPDWLFGHYLFHVWUXFWXUHZLWKHTXLYDOHQWFKDQQHOJDWH
FDSDFLWRUFLUFXLWLQWKHFDVHRIDERWWRPJDWHEDQGVLGHJDWHJHRPHWULHVFG&RPSDULVRQRI
WKHGXDOVZHHS&9FKDUDFWHULVWLFVRIWKHVDPHGHYLFHDFTXLUHGDWDIUHTXHQF\RI.+]XVLQJ
ERWWRPWKLFNEODFNOLQHVDQGVLGHJDWHWKLQEOXHOLQHVJHRPHWULHV
ILJE7KHVHSDUDWLRQEHWZHHQWKHLQSODQHJDWHDQGWKHFKDQQHOUHJLRQLVPDQGWKHR[LGH
WKLFNQHVVLVQP$VVKRZQLQILJVE	FLQWKHERWWRPJDWHJHRPHWU\WKHJDWHDQGFKDQQHO
DUHFRXSOHGWKURXJKDVLQJOHFDSDFLWRU&ZKLOHLQWKHVLGHJDWHJHRPHWU\ILJFWKHHTXLYDOHQW
 
FLUFXLW VKRZV WZR FDSDFLWDQFHV & DQG & EHWZHHQ WKH VLGH JDWH DQG FKDQQHO +HQFH D ORZHU
FDSDFLWDQFHLVH[SHFWHGLQWKHVLGHJDWHFRQILJXUDWLRQ7KHMXQFWLRQVWUXFWXUHVKRZQLQILJVE	
FDOVRUHYHDOVWKHLRQLVHGR[\JHQYDFDQF\PRWLRQXQGHUDSRVLWLYHYROWDJHRQWKHVLGHRUERWWRP
JDWH&DSDFLWDQFHJDWHYROWDJHFKDUDFWHULVWLFVVKRZQLQILJGUHYHDODFDSDFLWDQFHUDWLRRIa
EHWZHHQ YDOXHV RI WKH DFFXPXODWLRQ FDSDFLWDQFH LQ WKH ERWWRP DQG VLGH JDWH JHRPHWULHV 7KLV
LQGLFDWHVWKDWWKHFRXSOLQJRIWKHVLGHJDWHWRWKHFKDQQHOUHJLRQLVQRWHQWLUHO\WKURXJKWKHERWWRP
,72 FRQGXFWLQJ OD\HU DQG WKDW ODWHUDOO\ FRXSOHG =Q2 7)7V FDQ EH UHDOLVHG ZLWKRXW D ERWWRP
FRQGXFWLQJOD\HUDVUHSRUWHGLQUHI)URPWKH&9PHDVXUHPHQWVWKHGLHOHFWULFFRQVWDQWߢRI
7D2LVPHDVXUHGDVaDWDQ$&IUHTXHQF\RI0+]DQGIRUDNQRZQWKLFNQHVVRIQP7KH
GLVSHUVLRQLQIUHTXHQF\RIWKHLQVXODWRUFDSDFLWDQFHLVFRPSDUHGIRUR[LGHWKLFNQHVVHVRIDQG
QPLQDPHWDOLQVXODWRUPHWDOJHRPHWU\DQGUHYHDOVWKDWGLVSHUVLRQLVYHU\LGHQWLFDOWRJDWH
LQVXODWRUVZLWKPRELOHFKDUJHLQHDUOLHUUHSRUWVRQPHPRU\V\QDSWLFGHYLFHVVXSSRUWLQJLQIR
ILJ6
7KHDQDORJ\EHWZHHQDELRORJLFDOV\QDSVHDQGWKHWUDQVSDUHQWR[LGHEDVHGV\QDSWLFGHYLFH
LVGHSLFWHGLQILJD	E7KHHTXLYDOHQWUROHRIPHPRU\EHKDYLRXULQELRORJLFDOV\VWHPVLVSOD\HG
E\ WKH YROWDJH VSLNH GULYHQ V\QDSWLF EHKDYLRXU HQIRUFHG E\ LRQLVHG R[\JHQ YDFDQFLHV LQ WKH
=Q27D2GHYLFHILJE$FFXPXODWLRQRIWKHSRVLWLYHO\FKDUJHGLRQLVHGR[\JHQYDFDQFLHVDW
WKHFKDQQHOLQWHUIDFHUHVXOWVLQPRGXODWLRQRIWKHFKDQQHOFRQGXFWDQFHDVH[SODLQHGLQILJI7R
GHPRQVWUDWHWKHV\QDSWLFEHKDYLRXUDSUHV\QDSWLFVSLNHPVP9LVDSSOLHGRQWKHJDWHRI
WKH7)7DVDQH[WHUQDOVWLPXOXVDQGDFRUUHVSRQGLQJH[FLWDWRU\SRVWV\QDSWLFFXUUHQW(36&IURP
WKHVRXUFHGUDLQRXWSXWWHUPLQDOLVPHDVXUHGDVWKHV\QDSWLFZHLJKWXVLQJDGUDLQYROWDJHRI
P9ILJF7KH(36&VLJQDODWWDLQVDSHDNYDOXHRIaQ$DWWKHHQGRIWKHVSLNHDQGWKHQGHFD\V
EDFNWRDEDVHOHYHORIaQ$7KHFDOFXODWHGHQHUJ\GLVVLSDWLRQRIDVLQJOHVSLNHHYHQWLVaS-
 
VLJQLILFDQWO\ ORZHU WKDQ WKDW UHSRUWHG IRU ]LQF R[LGH EDVHG V\QDSWLF GHYLFHV 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RIWKH=Q2V\QDSWLFGHYLFHVLVVKRZQLQILJG
33)LVDIRUPRIVKRUWWHUPV\QDSWLFSODVWLFLW\DQGWKH33)LQGH[LVPHDVXUHGDVWKHUDWLRRIWKH
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9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QHXURPRUSKLFV\VWHPV
 &21&/86,21
,QVXPPDU\PHPRU\DQGV\QDSWLFEHKDYLRURIORZWHPSHUDWXUHSURFHVVHG=Q27D2WKLQ
ILOPWUDQVLVWRUVXVLQJDVLPSOHERWWRPJDWHJHRPHWU\DUHGHPRQVWUDWHGIRUWKHILUVWWLPH$PHPRU\
 
ZLQGRZJUHDWHUWKDQ9FDQEHHQYLVDJHGZLWKLQDQRSHUDWLRQDOYROWDJHRIWR97KHVL]HRI
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PLPLFNHG$VWURQJODWHUDOFRXSOLQJRIJDWHDQGWKHFKDQQHODFKLHYHGWKURXJKPRELOHLRQVLQWKH
JDWH LQVXODWRU YHU\ VLPLODU WR QHXURWUDQVPLWWHUV GHPRQVWUDWHG KHUH UHYHDOV WKH SRVVLELOLW\ WR
GHVLJQWKUHHWHUPLQDOV\QDSWLF)(7VZLWKLQSODQHJDWHJHRPHWU\)XUWKHURSWLPL]LQJWKHGHYLFH
VWUXFWXUHDQGGLPHQVLRQVWKHVLQJOHVSLNHHQHUJ\FRQVXPSWLRQFDQEHORZHUHGWRUHDOLVHDV\QDSWLF
DUUD\ ZLWK PXOWLSOH SUHV\QDSWLF WHUPLQDOV WR VSDWLRWHPSRUDO PRGXODWLRQ RI WKH SRVW V\QDSWLF
ZHLJKW
 6833257,1*,1)250$7,21
$GGLWLRQDOFKDUDFWHUL]DWLRQGDWDLQFOXGLQJIUHTXHQF\GLVSHUVLRQRIFDSDFLWDQFHUHYHDOLQJ
PRELOHFKDUJHVLQWKHR[LGHORQJWHUPPHPRU\UHWHQWLRQEHKDYLRURIWKH=Q2GHYLFHDQGV\QDSWLF
UHVSRQVH PHDVXUHG LQ YDFXXP DQG DPELHQW HQYLURQPHQWV WR GHPRQVWUDWH WKH HQYLURQPHQWDO
VWDELOLW\RIWKHGHYLFHV
 $&.12:/('*(0(17
:HJUDWHIXOO\DFNQRZOHGJHIXQGVIURPWKH(1,$&-8SURMHFW(6*XQGHUJUDQWQXPEHU

 5()(5(1&(6
 9RQ 1HXPDQQ - 7KH &RPSXWHU DQG WKH %UDLQ &KXUFKODQG 3 &KXUFKODQG 3 (GV
6LOOLPDQ/HFWXUHV<DOH8QLYHUVLW\3UHVV
 
 0HUROOD3$$UWKXU-9$OYDUH],FD]D5&DVVLG\$66DZDGD-$NRS\DQ)
-DFNVRQ % / ,PDP 1 *XR & 1DNDPXUD < %UH]]R % 9R , (VVHU 6 .
$SSXVZDP\57DED%$PLU$)OLFNQHU0'5LVN:30DQRKDU50RGKD'
6$0LOOLRQ6SLNLQJ1HXURQ,QWHJUDWHG&LUFXLWZLWKD6FDODEOH&RPPXQLFDWLRQ1HWZRUN
DQG,QWHUIDFH6FLHQFH±
 )RVWHU60$7H[W%RRNRI3K\VLRORJ\WKHG&66KHUULQJWRQ(G0DFPLOODQ	&R
/WG
 +XJKHV-53RVW7HWDQLF3RWHQWLDWLRQ3K\VLRO5HY±
 /HY\:%6WHZDUG27HPSRUDO&RQWLJXLW\5HTXLUHPHQWVIRU/RQJ7HUP$VVRFLDWLYH
3RWHQWLDWLRQGHSUHVVLRQLQWKH+LSSRFDPSXV1HXURVFLHQFH±
 0LOOHU*7KH0DJLFDO1XPEHU6HYHQSOXVRU0LQXV7ZR6RPH/LPLWVRQ2XU&DSDFLW\
IRU3URFHVVLQJ,QIRUPDWLRQ3V\FKRO5HY±
 &DOLPHUD $ 0DFLL ( 3RQFLQR 0 7KH +XPDQ %UDLQ 3URMHFW DQG 1HXURPRUSKLF
&RPSXWLQJ)XQFW1HXURO±
 'DYLVRQ $ 3 3\11 $ &RPPRQ ,QWHUIDFH IRU 1HXURQDO 1HWZRUN 6LPXODWRUV )URQW
1HXURLQIRUP-DQXDU\
 $QDQWKDQDUD\DQDQ5(VVHU6.6LPRQ+'0RGKD'67KH&DW,VRXWRIWKH%DJ
&RUWLFDO 6LPXODWLRQV ZLWK  1HXURQV  6\QDSVHV +LJK 3HUIRUP &RPSXW
1HWZRUNLQJ6WRUDJH$QDO3URF&RQI1RF±
 ;LD45RELQHWW:&XPELH0:%DQHUMHH1&DUGLQDOL7-<DQJ--:X:
/L;7RQJ:06WUXNRY'%6QLGHU*60HGHLURV5LEHLUR*:LOOLDPV56
 
0HPULVWRU&026+\EULG,QWHJUDWHG&LUFXLWVIRU5HFRQILJXUDEOH/RJLF1DQR/HWW
±
 .LP.+*DED6:KHHOHU'&UX]$OEUHFKW-0+XVVDLQ76ULQLYDVD1/X:
$ )XQFWLRQDO +\EULG 0HPULVWRU &URVVEDUDUUD\&026 6\VWHP IRU 'DWD 6WRUDJH DQG
1HXURPRUSKLF$SSOLFDWLRQV1DQR/HWW±
 <DQJ - - 6WUXNRY ' % 6WHZDUW ' 5 0HPULVWLYH 'HYLFHV IRU &RPSXWLQJ 1DW
1DQRWHFKQRO±
 0HDG&$$QDORJ9/6,DQG1HXUDO6\VWHPV$GGLVRQ:HVOH\5HDGLQJ0$
 +XWFKE\-$%RXULDQRII*,=KLUQRY99%UHZHU-(([WHQGLQJWKH5RDGEH\RQG
&026,(((&LUFXLWV'HYLFHV0DJ±
 /DPE ' 5 5XQGOH 3 & $ 1RQ)LODPHQWDU\ 6ZLWFKLQJ $FWLRQ LQ 7KHUPDOO\ *URZQ
6LOLFRQ'LR[LGH)LOPV%ULW-$SSO3K\V±
 *LEERQV-)%HDGOH:(6ZLWFKLQJ3URSHUWLHVRI7KLQ1LR)LOPV6ROLG6WDWH(OHFWURQ
±
 :LFNHU * 7\VRQ 6/RZUH\ 7 +XGJHQV 6 3XJK 5 +XQW . 1RQYRODWLOH+LJK
'HQVLW\+LJK3HUIRUPDQFH3KDVH&KDQJH0HPRU\3URF63,(±
 :RQJ+635DRX[6.LP6/LDQJ-5HLIHQEHUJ-35DMHQGUDQ%$VKHJKL
0*RRGVRQ.(3KDVH&KDQJH0HPRU\3URF,(((±
 2KQR7+DVHJDZD77VXUXRND77HUDEH.*LP]HZVNL-.$RQR06KRUW7HUP
3ODVWLFLW\DQG/RQJ7HUP3RWHQWLDWLRQ0LPLFNHGLQ6LQJOH,QRUJDQLF6\QDSVHV1DW0DWHU
 
±
 7HUDEH . +DVHJDZD 7 1DND\DPD 7 $RQR 0 4XDQWL]HG &RQGXFWDQFH $WRPLF
6ZLWFK1DWXUH±
 ,VKLZDUD + 3URSRVDO RI $GDSWLYH/HDUQLQJ 1HXURQ &LUFXLWV ZLWK )HUURHOHFWULF $QDORJ
0HPRU\:HLJKWV-SQ-$SSO3K\V6±
 &KDQWKERXDOD$*DUFLD9&KHULIL52%RX]HKRXDQH.)XVLO60R\D;;DYLHU
6 <DPDGD + 'HUDQORW&0DWKXU1'%LEHV0%DUWKHOHP\$*UROOLHU -$
)HUURHOHFWULF0HPULVWRU1DW0DWHU±
 'LRULR&+DVOHU30LQFK%$0HDG&$6LQJOH7UDQVLVWRU6LOLFRQ6\QDSVH,(((
7UDQV(OHFWURQ'HYLFHV±
 $JQXV*=KDR:'HU\FNH9)LORUDPR$/KXLOOLHU</HQIDQW69XLOODXPH'
*DPUDW&%RXUJRLQ-37ZR7HUPLQDO&DUERQ1DQRWXEH3URJUDPPDEOH'HYLFHV IRU
$GDSWLYH$UFKLWHFWXUHV$GY0DWHU±
 $OLEDUW)3LHXWLQ6*X""ULQ'1RYHPEUH&/HQIDQW6/PLPRXQL.*DPUDW&
9XLOODXPH ' $Q 2UJDQLF 1DQRSDUWLFOH 7UDQVLVWRU %HKDYLQJ DV D %LRORJLFDO 6SLNLQJ
6\QDSVH$GY)XQFW0DWHU±
 /DL4=KDQJ//L=6WLFNOH:):LOOLDPV56&KHQ<,RQLFHOHFWURQLF+\EULG
0DWHULDOV ,QWHJUDWHG LQ D 6\QDSWLF 7UDQVLVWRU ZLWK 6LJQDO 3URFHVVLQJ DQG /HDUQLQJ
)XQFWLRQV$GY0DWHU±
 <X6*DR%)DQJ=<X+.DQJ-:RQJ+63$1HXURPRUSKLF9LVXDO6\VWHP
8VLQJ 55$0 6\QDSWLF 'HYLFHV ZLWK 6XES- (QHUJ\ DQG 7ROHUDQFH WR 9DULDELOLW\
 
([SHULPHQWDO&KDUDFWHUL]DWLRQDQG/DUJH6FDOH0RGHOLQJ,Q,QWHUQDWLRQDO(OHFWURQ
'HYLFHV0HHWLQJ,(((S
 1LVKLWDQL < .DQHNR < 8HGD 0 0RULH 7 )XMLL ( 7KUHH7HUPLQDO )HUURHOHFWULF
6\QDSVH'HYLFHZLWK&RQFXUUHQW/HDUQLQJ)XQFWLRQIRU$UWLILFLDO1HXUDO1HWZRUNV-$SSO
3K\V
 0F*DXJK-/0HPRU\D&HQWXU\RI&RQVROLGDWLRQ6FLHQFH±
 ;X : 0LQ 6< +ZDQJ + /HH 7: 2UJDQLF &RUH6KHDWK 1DQRZLUH $UWLILFLDO
6\QDSVHV ZLWK )HPWRMRXOH (QHUJ\ &RQVXPSWLRQ 6FL $GY    H±
H
 =KRX -:DQ&=KX/6KL<:DQ46\QDSWLF%HKDYLRUV0LPLFNHG LQ)OH[LEOH
2[LGH%DVHG7UDQVLVWRUVRQ3ODVWLF6XEVWUDWHV,((((OHFWURQ'HYLFH/HWW
±
 =KX / 4 :DQ & - *XR / 4 6KL < :DQ 4 $UWLILFLDO 6\QDSVH 1HWZRUN RQ
,QRUJDQLF3URWRQ&RQGXFWRUIRU1HXURPRUSKLF6\VWHPV1DW&RPPXQ
 :DQ&-=KX/4=KRX-06KL<:DQ40HPRU\DQG/HDUQLQJ%HKDYLRUV
0LPLFNHG LQ 1DQRJUDQXODU 6L2%DVHG 3URWRQ &RQGXFWRU *DWHG 2[LGH%DVHG 6\QDSWLF
7UDQVLVWRUV1DQRVFDOH±
 *XR /4<DQJ<<=KX / 4 :X*'=KRX -0=KDQJ+ /(IIHFWVRI
+XPLGLW\ RQ 3HUIRUPDQFH RI (OHFWULF'RXEOH/D\HU 2[LGH%DVHG 7KLQ)LOP 7UDQVLVWRUV
*DWHGE\1DQRJUDQXODU6L26ROLG(OHFWURO\WH$,3$GY
 :DQ&-/LX<+=KX/4)HQJ36KL<:DQ46KRUW7HUP6\QDSWLF3ODVWLFLW\
 
5HJXODWLRQ LQ 6ROXWLRQ*DWHG ,QGLXP±*DOOLXP±=LQF2[LGH (OHFWULF'RXEOH/D\HU
7UDQVLVWRUV$&6$SSO0DWHU,QWHUIDFHV±
 <XDQ+6KLPRWDQL+<H-<RRQ6$OLDK+7VXND]DNL$.DZDVDNL0,ZDVD
< (OHFWURVWDWLF DQG (OHFWURFKHPLFDO 1DWXUH RI /LTXLG*DWHG (OHFWULF'RXEOH/D\HU
7UDQVLVWRUV%DVHGRQ2[LGH6HPLFRQGXFWRUV-$P&KHP6RF ±

 <RRQ60<DQJ6%\XQ&3DUN6+.&KR'+-XQJ6:.ZRQ26
+ZDQJ &6 )XOO\ 7UDQVSDUHQW 1RQ9RODWLOH 0HPRU\ 7KLQ)LOP 7UDQVLVWRUV 8VLQJ DQ
2UJDQLF)HUURHOHFWULFDQG2[LGH6HPLFRQGXFWRU%HORZ(?&$GY)XQFW0DWHU
±
 <XDQ + 6KLPRWDQL + 7VXND]DNL $ 2KWRPR $ .DZDVDNL 0 ,ZDVD <
+\GURJHQDWLRQ,QGXFHG 6XUIDFH 3RODULW\ 5HFRJQLWLRQ DQG 3URWRQ 0HPRU\ %HKDYLRU DW
3URWLF,RQLF/LTXLGR[LGH(OHFWULF'RXEOH/D\HU,QWHUIDFHV-$P&KHP6RF
±
 6]H 6 0 1J . . 3K\VLFV RI 6HPLFRQGXFWRU 'HYLFHV ,Q 3K\VLFV RI 6HPLFRQGXFWRU
'HYLFHVUG(GLWLRQ-RKQ:LOH\	6RQV,QF1-SS
 :DQJ*/HH-+<DQJ<5XDQ*.LP1'-L<7RXU-07KUHH'LPHQVLRQDO
1HWZRUNHG 1DQRSRURXV 7DLQI!LQI!2LQI!;LQI! 0HPRU\ 6\VWHP IRU 8OWUDKLJK
'HQVLW\6WRUDJH1DQR/HWW±
 1DNDPXUD 5 7RGD 7 7VXNXL 6 7DQH 0 ,VKLPDUX 0 6X]XNL 7 1DNDMLPD +
'LIIXVLRQRI2[\JHQLQ$PRUSKRXV$O27D2DQG1E2-$SSO3K\V
 

 /HH.+/HH*/HH.2K06,P6<RRQ60+LJK0RELOLW\1RQYRODWLOH
0HPRU\7KLQ)LOP7UDQVLVWRUVZLWKD)HUURHOHFWULF3RO\PHU,QWHUIDFLQJ=Q2DQG3HQWDFHQH
&KDQQHOV$GY0DWHU±
 6RKQ-,&KRL660RUULV60%HQGDOO-6&ROHV+-+RQJ:.-R*/HH
7 :HOODQG 0 ( 1RYHO 1RQYRODWLOH 0HPRU\ ZLWK 0XOWLELW 6WRUDJH %DVHG RQ D =Q2
1DQRZLUH7UDQVLVWRU1DQR/HWW±
 1DEHU5&*7DQDVH&%ORP3:0*HOLQFN*+0DUVPDQ$:7RXZVODJHU
) - 6HWD\HVK 6 GH /HHXZ ' 0 +LJK3HUIRUPDQFH 6ROXWLRQ3URFHVVHG 3RO\PHU
)HUURHOHFWULF)LHOG(IIHFW7UDQVLVWRUV1DW0DWHU0DUFK±
 .LP6--HRQ'%LQ3DUN-+5\X0.<DQJ-++ZDQJ&6.LP*+
<RRQ 6 0 1RQYRODWLOH 0HPRU\ 7KLQ)LOP 7UDQVLVWRUV 8VLQJ %LRGHJUDGDEOH &KLFNHQ
$OEXPHQ *DWH ,QVXODWRU DQG 2[LGH 6HPLFRQGXFWRU &KDQQHO RQ (FR)ULHQGO\ 3DSHU
6XEVWUDWH$&6$SSO0DWHU,QWHUIDFHV±
 &KDQJ-::DQJ&*+XDQJ&<7VDL7'D*XR7):HQ7&&KLFNHQ
$OEXPHQ'LHOHFWULFVLQ2UJDQLF)LHOG(IIHFW7UDQVLVWRUV$GY0DWHU±

 9LMDWRYLF 0 0 %RELF - ' 6WRMDQRYLF % ' +LVWRU\ DQG &KDOOHQJHV RI %DULXP
7LWDQDWH3DUW,,6FL6LQWHU±
 /LDR/)DQ+-<DQ%=KDQJ=&KHQ///L%6;LQJ*=6KHQ=;
:X76XQ;::DQJ-<X7)HUURHOHFWULF7UDQVLVWRUVZLWK1DQRZLUH&KDQQHO
 
7RZDUG1RQYRODWLOH0HPRU\$SSOLFDWLRQV$&61DQR±
 =KRX&:DQJ;5DMX6/LQ=9LOODURPDQ'+XDQJ%&KDQ+/:&KDQ
0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0R6DQG8OWUD+LJK.*DWH'LHOHFWULF3=71DQRVFDOH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+ :HOODQG 0 ( /HH 7 1RQYRODWLOH 0HPRU\ )XQFWLRQDOLW\ RI =Q2 1DQRZLUH
7UDQVLVWRUV&RQWUROOHGE\0RELOH3URWRQV$&61DQR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%DVHG 1RQYRODWLOH 0HPRU\ 7KLQ)LOP 7UDQVLVWRUV ZLWK 3RO\PHU 'LHOHFWULFIHUURHOHFWULF
'RXEOH*DWH,QVXODWRUV$SSO3K\V/HWW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^ ? ?

6XSSRUWLQJLQIRUPDWLRQ
$QDQRLRQLFVEDVHGWKUHHWHUPLQDOV\QDSWLFGHYLFHXVLQJ=LQF2[LGH
3UHPODO%DODNULVKQD3LOODL0DULD0HUO\QH'H6RX]D
'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG1RUWK
FDPSXV6+46KHIILHOG8.
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^ ? ?


 &RPSDULVRQRIWKH2[LGHFDSDFLWDQFHDQGUROHRIPRELOHFKDUJHV

7KH IUHTXHQF\ GLVSHUVLRQ RI LQVXODWRU FDSDFLWDQFH LV FRPSDUHG IRU R[LGH
WKLFNQHVVHVRIDQGQPLQPHWDOLQVXODWRUPHWDOJHRPHWU\7KLVGLVSHUVLRQ
EHKDYLRXU LV LGHQWLFDO WR WKH JDWH LQVXODWRUV ZLWK PRELOH FKDUJH DV UHYHDOHG LQ
HDUOLHUUHSRUWVRQPHPRU\V\QDSWLFGHYLFHV

)LJ6'LVSHUVLRQRIR[LGHFDSDFLWDQFHZLWKIUHTXHQF\IRUQPDQGQPWKLFN
7D2 ILOPV PHDVXUHG LQ WKH IUHTXHQF\ UDQJH  +]   0+] LQ D
0HWDO,QVXODWRU0HWDOJHRPHWU\






^ ? ?


 'HPRQVWUDWLRQ RI ORQJ WHUP PHPRU\ UHWHQWLRQ LQ =Q2 V\QDSWLF
WUDQVLVWRUV

/RQJWHUPPHPRU\UHWHQWLRQSURSHUWLHVRIWKHGHYLFHZLWKGLPHQVLRQ:/ 
P LVPHDVXUHGXVLQJ WKHSXOVLQJVFKHPHVKRZQ LQ WKH LQVHW RI ILJ6$JDWH
YROWDJHSXOVHRIPDJQLWXGH9DQGGUDLQYROWDJHRI9DUHVLPXOWDQHRXVO\DSSOLHG
IRUDGXUDWLRQRIV7KH6'FRQGXFWDQFHDUHPRQLWRUHGIRUDGXUDWLRQRIV
DW9*6 9DQG9'6 9

)LJ6'HFD\RIFKDQQHOFRQGXFWDQFHPHDVXUHGDW9'6 9DQG9*65HDG 9DIWHU
WKHDSSOLFDWLRQRIDVLPXOWDQHRXVJDWH9DQGGUDLQSXOVH9IRUVVKRZVD
SHUPDQHQW UHWHQWLRQ EHKDYLRU IRU D  QP R[LGH 7KH UHWHQWLRQ GDWD LV
PHDVXUHGXVLQJWKHVLQJOHSXOVHVFKHPHVKRZQLQWKHLQVHWRIWKHILJXUH






^ ? ?

 6\QDSWLFSURSHUWLHVXQGHUYDFXXPDQGDPELHQWFRQGLWLRQV

,QILJ6LWLVVKRZQWKDWUREXVWV\QDSWLFEHKDYLRUFDQEHREVHUYHGXQGHUYDFXXP
FRQGLWLRQV  P%DU7KH ILJXUH UHYHDOV WKH FRPSDULVRQ RI V\QDSWLF EHKDYLRU
PHDVXUHGXVLQJDJDWHSXOVHRIPDJQLWXGH9ZLWKDSXOVHGXUDWLRQRIPV
7KH VOLJKW GLIIHUHQFH LQ WKH FKDQQHO FRQGXFWDQFH REVHUYHG XQGHU YDFXXP DQG
DPELHQWFRQGLWLRQVPD\EHDWWULEXWHGWRWKHVKLIWLQWKUHVKROGRIWKHGHYLFHVXQGHU
YDFXXP

)LJ66\QDSWLFSURSHUWLHVRIWKH=Q27)7VPHDVXUHGXQGHUDPELHQWFRQGLWLRQVUHG
OLQHVDQGXQGHUYDFXXPRIPEDUEODFN OLQHV DIWHUNHHSLQJ WKHGHYLFHIRU
KUV7KHV\QDSWLFVWUHQJWKDIWHUFRQVHFXWLYHVSLNHVUHDFKHVDSHDNYDOXHRI
$ PDUJLQDOO\ KLJKHU WKDQ WKH YDOXH PHDVXUHG XQGHU DPELHQW FRQGLWLRQ  $
SUHVXPDEO\GXHWRDVPDOOVKLIWLQWKUHVKROGRIWKHGHYLFHVLQYDFXXP7KHFRPSDULVRQ
UHYHDOVWKDWV\QDSWLFSURSHUWLHVRIWKH=Q27D27)7VDUHQRWVLJQLILFDQWO\DIIHFWHG
E\WKHKXPLGLW\HQYLURQPHQWDOSDUDPHWHUV
5HIHUHQFHV
 =KX/4:DQ&-*XR/4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:DQ4$UWLILFLDO6\QDSVH1HWZRUN
RQ,QRUJDQLF3URWRQ&RQGXFWRUIRU1HXURPRUSKLF6\VWHPV1DW&RPPXQ

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6KL<:DQ40HPRU\DQG/HDUQLQJ
%HKDYLRUV0LPLFNHGLQ1DQRJUDQXODU6L2%DVHG3URWRQ&RQGXFWRU*DWHG
2[LGH%DVHG6\QDSWLF7UDQVLVWRUV1DQRVFDOH±
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